of Innovation". The main objective of this program is to contribute to a better understanding of the effects of R&D and innovation on economic growth and welfare. The work of the research group focuses on the study of determinants and outcomes of business and industry R&D and innovation, on university-industry relationships and on the evaluation of public policies. This program puts special emphasis on applied research and on work that sheds light on policy-design issues. Research that is particularly policy-relevant from a Spanish perspective is given special consideration. Disseminating research findings to a broader audience is also an aim of the group. The research group enjoys the support from the IEB-Foundation. 
The Community Innovation Survey, the preeminent source of data for analysing barriers to innovation, covers four groups of barriers: (i) cost factors (i.e. lack of internal funds, lack of external funds and excessive innovation costs); (ii) knowledge factors (i.e. lack of qualified personnel, lack of information on technology, lack of information on markets and difficulty in finding cooperation partners for innovation); (iii) market factors (i.e. market dominated by established enterprises and uncertain demand for innovative goods and services); and (iv) other factors (i.e. no need for innovation because of lack of demand and the existence of prior innovations). Although the CIS gathers separate data for each specific barrier, most analyses have considered these barriers jointly, grouping them into one of these four categories (Segarra et al., 2013) or just one variable (Blanchard et al., 2012) . The aforementioned analytical approaches highlight the importance of examining each obstacle separately to improve our understanding of innovation and provide innovation policy recommendations.
Accordingly, in this research, the lack of technological information is studied as a specific, separate barrier to innovation. Information on available technologies can improve companies' innovation activity for three reasons. First, it reduces the risk of innovation projects. Second, it enables early introduction of innovations. Third, it may offer a springboard for the exploitation of new business opportunities. For these reasons, access to information on available technologies is a key issue in innovation processes and a pillar of technology policies, as exemplified by policies that provide firms with access to technology centres. However, we still have a poor grasp of what type of firms face this barrier and what characteristics help firms overcome this barrier.
To the best of our knowledge, the literature fails to explore how the lack of information on technology hinders innovation activities. This paper has two goals: to examine the characteristics of the firms that lack information and to analyse how innovative firms overcome this lack of information.
Given the scarcity of studies on this topic, this paper contributes to filling the gap on how companies can overcome barriers to innovation. We examined general characteristics of the firm and characteristics that relate to R&D and innovation strategies, including the use of different sources of information. In doing so, we determined the characteristics that positively affect a firm's ability to overcome this constraint, which may hamper the firm's innovation activities. The rest of the paper proceeds as follows: Section 2 presents a review of the literature on business activity, innovation and the lack of information on technology. Section 3 discusses the features of the dataset and provides descriptive data on this obstacle. Section 4 describes the econometric strategy, defines the variables and presents the results of the estimates. Section 5 concludes and highlights the principal policy implications.
2. BACKGROUND 2.1. Business activity, innovation and information on technology Access to information on available technologies is relevant to firms for three reasons.
First, it reduces the risk of innovation projects. It is also a general requirement for any firm's production activity. Accordingly, the lack of information on technology is a major barrier to the effective use of resources and capabilities (Fawcett et al., 2008; Van Donk, 2008 ) and the supply chain network (Katunzi, 2011). Second, access to technological information sources presents an opportunity to accelerate innovations, share costs, improve market access and achieve economies of scale and scope (Ahuja, 2000; Hagedoorn, 2002; López, 2008 The relationship between accessing information on technology and innovating can be addressed from two perspectives: (i) by analysing potential complementarities between different information sources and (ii) by examining the existence of alternative information channels.
Under the first perspective, internal and external sources of knowledge and information are considered to complement one another. Some firms are prone to resisting technological information that originated outside the company. These firms suffer from the 'not-invented-here' syndrome (Katz and Allen, 1982; Laursen and Salter, 2006) . In reality, however, organising the processes of exploration, maintenance and exploitation of knowledge and information occurs both inside and beyond the firm's borders (Zollo and Winter, 2002; Cassiman and Veugelers, 2006) . In fact, it could be claimed that the role of combining internal and external information and knowledge is essential in the innovation process (Lichtenthaler, 2007) . Thus, in the innovation process, internal activities related to information on technology may be synergistic with access to external information from connections with other firms, consultants, agreements with (Zahra and George, 2002 ) because a high absorptive capacity helps firms access and exploit knowledge that is generated elsewhere (Negassi, 2004) .
Under the second perspective, the existence of different channels to access to information on technology is considered. Different external sources can affect different types of innovation (Inauen and Schenker-Wicki, 2011) . Firms that use information from universities or research institutes are more likely to have higher R&D intensity than companies that use information from suppliers. Information from suppliers is often linked to process innovations (Rouvinen, 2002) , whereas information from customers, universities and research institutes tends to be more relevant to firms that focus on product innovation (Suh and Kim, 2012) . The effect of other information sources is ambiguous. Firms can also obtain information from competitors and open sources (conferences, professional meetings, magazines, etc.). This information could replace in-house R&D. But such information could also have indirect effects that lead to new technological opportunities, enhancing the benefits of performing in-house R&D.
Firm characteristics and lack of information
Innovation is a complex process that often requires different types of knowledge and information (Johnson, 2002) . Thus, barriers to innovation that relate to the lack of information on technology may be highly specific to each firm. We therefore considered the following variables, which capture key features of the firm: size, age, business group membership, sector and exporter status. Second, the literature is inconclusive regarding the relationship between age and access to information on technology. In a recent study of Spanish manufacturing and service firms, Pellegrino (2017) found no significant association between a firm's age and perception of different kinds of knowledge-related barriers that may hamper innovation.
Third, barriers to information may be internal or external to the firm, but accessing knowledge and information sources within the company is likely to be simpler than accessing knowledge outside the firm. Firms that belong to a business group enjoy advantages of scale that lone companies of the same size do not. As well as financial resources, knowledge and information can be shared among firms that belong to the same corporate group (Reinstaller et al., 2010) .
Fourth, along with regulatory barriers, barriers related to access to knowledge are relevant in all sectors. Manufacturing firms are most likely to perceive the lack of information on technology as a factor that hinders innovation activities (Reinstaller, 2010) . High-tech firms report lower knowledge-and information-related barriers.
Arguably, high R&D intensity negatively affects the firm's perception of how important a lack of information on technology actually is. In other words, the cumulative nature of knowledge seems to be negatively associated with a lack of information on technology. The descriptive analysis corresponding to the four knowledge-related barriers to innovation covered by the PITEC database shows that a high proportion of firms consider the lack of information on technology a constraint for their innovation activities (Table 1) . Although 19.3% had not experienced this obstacle, 31% and 8% considered it of medium or high importance, respectively. The lack of information on technology was the second most important knowledge-related obstacle, after the lack of qualified personnel.
Insert Table 1 here.
Firms perceived this obstacle as important throughout the period of analysis. The percentage of firms that perceived the lack of information on technology as highly important ranged from 6.7% to 8.8%. Similarly, the percentage of firms that considered the lack of information on technology as moderately important ranged from 29.0% to 32.4% (Table 2) .
Despite this consistent perception of the obstacle's importance, the transition matrix (Table 3) shows that a substantial percentage of firms changed their perceptions. More than 12% of firms that perceived this obstacle as moderately or highly important overcame it, and in the next period, they reported that they did not experience it as a barrier. Conversely, nearly 12% of firms that considered that this factor was not a constraint for their innovation activities reported it as moderately or highly important in the next period.
Insert Tables 2 and 3 here.
EMPIRICAL ANALYSIS AND RESULTS

Econometric method
The goals of the empirical analyses were to examine the firm-level factors that influence the perception of lack of information on technology and to study the factors that help firms overcome this barrier. For a detailed description of the variables, see Table A .1 in the appendix.
For the first analysis, we used the same definition of the dependent variable as that used in previous studies (Hölzl and Janger, 2014; Pellegrino and Savona, 2017) . Using data from the survey, we constructed a dummy that took the value 1 when the firm reported high or medium importance of the lack of information on technology, and 0 otherwise.
We used the following model:
where LACK_INFO is the lack of information on technology (defined above) and F refers to characteristics of the firms regarding their perceptions of barriers to innovation-in this case, the lack of information on technology. We include size, age, whether the firm belongs to a group and the firm's sector according to technological focus. To examine possible nonlinearities, we included quadratic terms for size and age.
We also considered whether the firm exports and whether the firm has invested in innovation activities. Because of the nature of the dependent variable, we used a random effects probit model with panel data. In the estimates, we considered time-invariant and unobservable specific firm characteristics and time effects to control for cyclical change.
In the second analysis, our main contribution, we focused on the factors that may make firms more likely to overcome the lack of information on technology. We analysed innovative firms because only firms that have innovated can provide information on their R&D and innovation strategies and their information sources. Therefore, the CIS survey only provides information on these issues for firms that had introduced product or process innovations or that had innovation activities that were ongoing or were abandoned during the reference period.
To OVERC it = β 0 + β 1 F it + β 2 S it + β 3 I it + µ i + e it (2) where OVERC is defined above. For the independent variables, we considered three groups of factors. As in the first econometric analysis, in the first group of variables (firm-specific characteristics), we included size, age, exporter status and business group membership. We also included industry dummies to control for sector heterogeneity.
The second group of variables corresponded to R&D and innovation strategies. First, we considered internal R&D activities. We distinguished between applied and basic research, which may require different skills and human capital and may have varying influences on overcoming the lack of information on technology. Second, we considered different ways of accessing external knowledge and technology that can be used to overcome the lack of information on technology. We included acquisition of technology embodied in new machinery and equipment, acquisition of R&D services, and cooperation with other firms and institutes. We also controlled whether the firm had obtained public support to finance R&D activities. Finally, the third group of variables corresponded to the sources of information that the firms used for their technological activities. We exploited the detailed information that PITEC provides, and we distinguished between different sources of information that help firms overcome a lack of information on technology. Specifically, we included four market sources (i.
customers, ii. competitors, iii. suppliers, and iv. consultants, commercial laboratories and private R&D institutes) and one institutional source (universities and public research institutes). As in the first equation, we used a random effects probit model to perform the estimations. We also included time effects to control for cyclical change.
Results and discussion
The estimates regarding the determinants of the perception that the lack of information on technology acts as a barrier to innovation show that certain characteristics-age, exporter status and innovation status-were not significant. These variables did not seem to relate to the perception that the lack of information on technology has a negative influence on innovation.
Insert Table 4 here.
In contrast, group membership, size and sector mattered. Belonging to a business group affected the firm's perception of the lack of information on technology. According to certain scholars (Reinstaller et al., 2010) , firms that belong to the same business group can cooperate on matters of technological information and knowledge similarly to the way they cooperate in other areas such as financial resource issues. Unlike similar-sized lone firms, firms within a business group can achieve economies of scale. Our results
show that firms that belong to a group are more likely not to perceive the lack of information on technology as an obstacle to innovate.
Our analysis also yielded an interesting finding regarding size. It is generally accepted that small and medium-sized enterprises face additional hurdles to achieve sufficient The estimates also reveal significant differences by sector. While firms that belong to a low-or a low-medium-technology industry are more likely to perceive the obstacle of a lack of information on technology, the opposite is true of firms in high-technology sectors. Notably, a lack of information on technology is negatively related to the cumulative nature of knowledge. In other words, high investment in R&D reduces the perception of the importance of the lack of information on technology. Because of differences across sectors, we performed separate estimates for the three principal macro sector categories, as per the OECD classification of industries according to their technological content. These categories are low-and low-medium-technology, mediumand medium-high-technology and high-technology industries. The results for each sector were similar to the overall results that were reported earlier. Only slight differences emerged in the variable that controlled for group membership. This variable was only significant for the medium and medium-high technology industries.
The results of the estimates regarding factors that help firms overcome the obstacle of a lack of information on technology show that some firm-specific characteristics matter.
While age and exporter status were non-significant, an increase in size helps overcome this obstacle. Greater size is helpful until a certain point, as reflected by the negative sign of the variable for the quadratic size term. This finding is consistent with the results for the perception of the lack of information on technology.
Insert Table 5 here.
The principal results correspond to the way the other two groups of variables (i.e. R&D and innovation strategies and the use of different information sources) relate to overcoming the lack of information on technology.
With respect to the first group of variables, the estimates show that firms with internal R&D that invested in basic as well as applied research had more difficulties to overcome a lack of information as a barrier to innovate. Although all companies used sources of information on technology, use of this information was more intensive among the most innovative companies (Coad et al., 2014) . Our findings suggest that firms that devote more resources to research need more information on new technological advances and may have trouble overcoming a lack of such information.
Regarding the variables related to the use of external sources of information for innovation activities, the results show that not all types of sources of information play the same role in overcoming a lack of information on technology. We analysed three sources of technological information: (i) universities and public research centres; (ii) customers and suppliers; and (iii) consultants, commercial laboratories and private R&D institutes. The results for each of these sources are as follows:
Firms that considered universities and public research centres important sources of information do not overcome the obstacle to innovation posed by the lack of information on technology easier than the rest of firms. In relation to this finding, the following two points must be considered. First, universities are centres of basic research whose results require proof of concept (prototypes, tests, etc.) before the technology can be applied. There is also cognitive distance (lack of codified common knowledge) and institutional distance (different terms, languages and incentives) between universities and companies. Second, companies that are most likely to use universities and public research centres as sources of information are highly innovative. As noted in the previous estimate, these firms encountered specific problems to overcome the lack of information on technology as an obstacle to innovation.
The estimate also considered firms that sourced information from customers and suppliers. According to some studies (Faems, 2005) , the connection with value chain partners (clients and suppliers) provides a solid basis for the gradual development of existing products and services. The results of our investigation showed a positive relationship between two market information sources (i.e. customers and suppliers) and overcoming the lack of information on technology. Nevertheless, the results of the robustness check estimate failed to confirm this finding.
Finally, firms that sourced information from consultants, commercial laboratories and private R&D institutes found it easier to overcome a lack of information on technology.
Information-related barriers may also refer to the institutional environment where business activities are conducted. The presence of technology transfer institutes and the availability of a high level of human capital in firms can reduce barriers that relate to knowledge and technological information. For instance, knowledge-intensive business services (KIBS) in technology and know-how address the fact that certain firms are unable to generate this type of knowledge and information in house (García-Quevedo and Mas-Verdú, 2008; Doloreux, and Shearmur, 2013).
CONCLUSIONS
Firms' innovation potential is conditioned by the availability of different resources:
financial, human, technological and market information and so forth. To a varying degree, all organisations face barriers to obtaining the resources they need to complete innovation projects. Most studies of barriers to innovation have focused on financial barriers. Studies that have examined knowledge-related barriers have done so in aggregate form without distinguishing between these barriers. This study focused on a specific barrier: the lack of information on technology.
Access to information on technology is a key factor in innovation processes and is a key consideration when designing technology policy. Despite its importance, our knowledge about the type of firms that face this obstacle is scarce. To fill this gap, we performed two analyses. First, we analysed the characteristics of firms that lack information.
Second, we studied the way innovative firms can overcome this obstacle.
The results yield four conclusions. First, a significant number of firms perceived a lack of information on technology (nearly 40% considered it moderately or highly important). The perception of this barrier persisted over time. However, the longitudinal analysis implies that some firms overcame this barrier during the study period. More than 12% of companies that initially perceived the lack of information on technology an obstacle of medium or high importance considered it a minor barrier in the following period.
Second, sectors differ significantly regarding firms' perceptions of barriers. Lowmedium technology industries are particularly constrained, whereas high-tech industries face this obstacle to a lesser degree. The cumulative nature of knowledge seems to be negatively related to the perception of the lack of information on technology. Firms that operate in sectors with high R&D investment perceive the lack of information on technology as less important.
Third, firms that are more oriented to internal R&D struggle to overcome a lack of information. This conclusion implies that R&D-intensive companies require more information on technology but also suggests that, if such a barrier exists, it may be more difficult to overcome.
Fourth, firms that use consultants, commercial laboratories and private R&D institutes as a source of information for technological innovation activities find it easier to overcome a lack of information on technology. This finding does not hold when the sources of information are universities and public research centres.
Based on the conclusions of this research, some policy implications are derived. Table A1 ). Table A1 and Section 4). 
